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A MECHANICALLY FIXED RADAR ANTENNA WITH SCANNING CAPABILITY

* For a radar antenna system that scans & region of space subtending a
small angle a.t-{;he antenna, the generally adopted mechanism utilizes a fixed
paraboloid and a mobile feed horn. It was suggested that a stationary feed
system consisting of more than one radiation source should have advantages not
otherwise available.

1. There would be no mechanical limitations. All scanning would be
accomplished electﬁca.lly.

2. The maximum power that can be radiated depends on the power handling
capability of the components in the radiation feed system. With a
multiple feed assembly, higher beam powers can be readily obtained.

3. There should be less deterioration of the antenna beam when it
scans off boresight since the phase and amplitude of the sources
can be adjusted to tend to correct any phase el:rors of the wvave
front after reflection from the paraboloid.

Desirable qualities of such a system are:

1. As many as possible of the radiation sources are excited to maximum,
or near maximum, power for any of the possible beam directions in
any scanning operation.

2, There should be a minimum number of sources and yet retain good
antenna characteristics.

3. The sources should present minimum aperture block, thus limiting
the area that they may cover.

In particular, an antenna system with cylindrical symmetry was a.na.lyzed;

because the 3-dimensional problem reduces to one of two d.imens:I:Rns ﬁﬁ‘? ﬂmpliﬁ.ee
(MR
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the mathematics. The geometry is shown in Figure 1. The focal length £ of the

reflector, a parabolic cylinder, and its aperture width 2a were get equal to .

30 and 60\ respectively. This was 1lluminated by an array of line sources

located in a plane normal to the focal plane of the parabolic cylinder and a
distance R from the vertex. Bach line source, located a distance ¢ from the

focal pl.ne’

was assumed to be a horn having a radiation pattern in the plane of

the parabola given by the gain function gla) = eosaa. This was chosen because

it approximated the pattern of an open ended wvaveguide.

Since the study is primarily one of feasibility and quantitative values

are less important, various approximations for the burpose of simplification

vere devised.

l. The 2-dimensional problem was solved.

2. Scalar wave theory was used.

3. The picture was idealized so that only that radiation emanating
from the source, reflected once and then traveling undisturbed to
the point of observation contributes to the calculated field.
Thus, aperture block was neglected.

k. Rim currents were not introduced to match boundary conditions.

The equations that characterize the patterns are developed in the

latter part of this paper and the IBM 7090 computer was used for all calculations.

To obtain the quantitative results » the following procedure was used:

1.

A plane wave was assumed incident '.on the antenna. Oo, the angle
between the direction of propagation of the Plane wave and the axis
of the parabola (boresight) was set at 3 values, 0°, 4° ana 8%,
Since the expected beamwidth is approximately 1° this constitutes
& scan limit of + 8 beamwidths.
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2. The relative amplitude of the signal received by a horn, up, s
calculated for all combinations of the 8 values of R = 20\, 21,
22\, 23, 2k, 251, 261, 27), and the 21 values of ¢ = -6.0\,
=5.Mh, <b.BM, - - - - - 45.), 46,0. It was expected that the R
chosen in a final design would fall in this range, and because of
aperture block, ¢ is limited to a maximm of 1/5 a.

3. The horn was converted to a transmitter radiating a signal up*,
the complex conjugate of u-

b, The far fie2a Uy was then fouud over a range of 6. © is the angle
that a line in the direction of Q, the field point, makes with the
axis of the parabola.

5. For several horns radiating simultaneously, the field at Q is the
sum of fields producefl by each horn radiating alone. For each R,
the field pattern was then found for 21 radiating horns covering
the 21 values of o.

Figures 2 to 9 are graphs of these patterns showing the relative amplitude,
in decibels, versus the angle @ for R = 20\ to 27A. Bach figure has 3 patterns
for Oo = o° ) u° and 8° and each pattern has a graph insert showing the horn
position ¢, and relative amplitude |u| of the signals that produced it.

Figures 10, 11 and 12 swmarize the main characteristics as a function
of R. Figure 10 is the gain, Figure 11 is the beamwidth at the 3 db and 10 b
levels and Figure 12 is the side lobe level for the highest left and right side
lobes. There is no distinct side lobe structure for 9, = 8°. 1Includea 1;1 these
figures are the characteristics that a single horn located at the focus of the

rarabola would produce.
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It is apparent that the patterns deteriorate as R decreases. On the

other hand, the source azplitude distributions are less desirable for the higher

R values. It appears that R = 24) is a good compromise.

The final consideration is the effect of altering the number of horns.

The procedure layed out above was repeated for R = 24\ and various sets of

\\

values of g¢.

Figure 13: 31 horns separatea A, o= 6,00, =5.6\,
Figure 1k: 21 horns separated .6\, g = -6.01, -5,L),
Figure 15: 16 horns separated .8\, g = -6.0A, -5.2),
Figure 16: 13 horns separated 1.0A, 0 = -6.0), =5.0\,
Figure 17: 11 horns separated 1.21, 0 = -6.0M, -4,6,

5.2\
4.8
bl
~4.0\
-3.61

====#6.0).
===at6.0A,
~===46.0\.
====*6.0A.
~===+6.0\.

The interesting feature is that for 16 or fewer horns » the side lobe 1level is

unusually high - less than 12 db - and 21 horns effects a considerable decrease

in side-lobe level - to more than 18 d@b. For this réason, it appears that more

than 16 horns are required to produce a good antenna pattern.

In view of the results of this analysis, there appears to be merit in

this type of antenna system. If a paraboloid type reflector is to be considered,

the solution of the 3-dimensipna.1 problem would provide more accurate quantitative

values. It should be realized, of course, that any scanning mechanism that

extends beyond a simple plane would require a more elaborate system of horns

than a single row.

A theoretical development of the equations used follows so ag to enable

the curious reader to examine in greater detail » the assumptions made and physical

reasoning applied.
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The antenna system is represented in Figure 1. The reflector has a

parabolic cross section and the group of horns lies normal to the axis of the
parabola near its focus. Two isotropic units, A and B, are located in the
"far fie1d" of the antenna. If A is iwdinting and B is not, and if the horns
receive all the energy that is reflected from the parabola, then the principle
of reciproéiib indicates that if the situation is altered to having the horns
transmit signals whose values are the complex conjugate of the signals they
received, A receives all the energy and B receives none. (It is assumed that
10 energy coupling exists between any two horns or between A and B.) This ig
the ideal condition for this result holds true regardless of the positicn of B
and the radiation pattern mus! then apprcach a Dirac delta function whose peak
lies at A.

In a practical situation, all the energy radiated by A and reflected
woul? not be received by the horn array, and fewer horns are more desirable. In
addition. it is difficult to tell whether the phase or amplitude of one signal
should be changed: to improve the pattern if the array geometry is changed. But
the Principle of reciprocity can be used to compute a signal for each horn to
radiate knowing that increasing the number of horns » the pattern characteristics
improves.

The scalar field, U, at a point in a region satisfies the wave equation

vzu + k2u =0, k = %‘ In the 3-dimensional case, this equation has the

solution

v du
‘mupa f‘u$'V$)dA
A




vhere the integration is over the boundary of the region.
“p is the field at the point, p, inside the region.
.* 18 the field on the boundary.

D is the normal to the boundary directed into the region.

ikr i
va= eT—-, r is the distance from P to the boundary.

In the 2-dimensional problem, the integral becomes

- dv du
-liiup f‘u 5V 5) ar (1)
r
where the integration is over the closed curve, I’

u ., U, n have the same meaning.

P
*
And in the numerical calculations, the v uged was again
ikp
e
vs -

A plane wave illuminates the parabola and thus
u = e-:lks

8 is the distance from the Plane wvave to a point on the parabola measured

along the direction of bropagation of the plane wave. The plane wave ig

located so that g = @ at the vertex of the parabola.

* After the calculations were performed, it was realized that this form of v

was not correct. For values of kr > 100, as is the case here, the v should be

ikr
taken ag %5. To check the effect of using this formula for v, the calculations
r

were repeated for Figure 6, and the patterns altered very slightly, a change
that one would say is equivalent to g very small change in the horn character-

istic pattern.

et et - e . : -




Substituting for u and v in equation (1) and simplifying,

e8] e 2

[(1 - —’i—r) cos (r, n) + cos (s, n)] ar (2)
(r, n) and (s, n) are the angles between the directions of r and n and s and n
respectively. g(a) is introduced to characterize the horns which are not
isotropic. g(a) is the horn gain at angle, Q.
To determine the far field, U the same formula (1) is used. The horn
radiates a .:I.gm.l,upf, the canplexﬂc::njugp.te of up and tl‘:e-ptrabola is then
illuminated by a signal u = g(a) % up*.l'.

Also,
vn |22 g1D-tke
7D

D-s 1s the distance from the far-field point to the parabola. D is a constant,
8 goes to O at the parabola vertex.
Substituting and simplifying,

olk(r-s) 1
fg(a) T[(l -m) cos (r, n) + cos (s, n)]dl" (3)

(2) and (3) are the equations to be solved. In both formulas, I is the contour
2

of the parabola and is given by the equation x = -E-f.
'I'Iuenonm.lﬁ'iaa.vect-.'or1 -dx_l -1d;-dx — -
2 2
(@ + &) (
&

i
3




:I.m@JmthemtvectorsnongthedeYaxea.
(R, o) are the coordinates of p
re1(R- x)*J(o-y)
o +(a-y)]
s-(icoaO+Js:an)s
s=xcos0+ysineo

COB(r,n)-f:;._E’- R-x - (g = dx
:',[ X-(a-y)E]H
coe (s, n) Y COOOQL-sinde

= (cos O - sin O—)g
The % in the two expressions will combine with the @I' in the integral to

convert to an integration over Yyfromy=-atoy=+ a, the extent of the

parabola. Finally, cos q = & ; X
the necessary equations have been derived.

provides the value for g(a) = cosa. Thus,




Figure 1:
Flgure 2:

Figure 3:
Figure 4:
Figure 5:
Figure 6:
Figure 7:
Figure 8:

Flgure 10;

Figure 11;
Plgure 12:
Figure 13:

Figure 14:
Figure 15:
Figure 16:

Flgure 17:

CAPTIONS

A schematic representation of the antenns systenm.

The far-field patterns calculated for R = 204, O_ = 0°, &° and
8°. 21 horns separated .61, o = -6.0, =5ulh, ~b.BA -eeu 46.0M.
Bach pattern has a graph insert showving the horn position o and
horn relative sigual amplitude |u].
R= 21\

R = 22)

R= 23\

R = 24

R = 25\

R = 26\

R= 27\

The calculated gain as a function of R. The dashed 1ine is the
value that a single horn located at the focus would have.

The bearwidth at the 3 db and 10 db levels.

The side lobe level of the highest left and right-side lobes.
The far-field patterns calculated for R = 24, o, = Oo, 4° ana 8°
31 horns separated .4\, g = 6.0\, -5.61, =5.2\ «—-= +6.0M\. Each
rattern has a graph insert showing the horn prosition ¢ and horn

relative signal amplitude Iul

21 horns separated .6\, ¢ = “6.0M, -5.4\, 4,8\ a--- +6.0\.
16 horns separated B, 0 = -6.00, “5e2h, <lUil) e +6,0M.
13 horns separated 1.0\, ¢ = =6.0M, -5.0M, =4O\ =-== +5.0M\.
11 horns separated 1.2\, ¢ = =6.0M, -L.Br, -3.6\ ---- +5.0).
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19

The calculated gain as a function of R. The dashed line is the
value that a single horn located at the focus would have.
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